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Summary Introduction: Cellular vascular endothelial growth factor (VEGF) expres-
sion is increased in response to regional hypoxia, however, contradictory results
were reported on the effects of systemic hypoxemia on circulating VEGF levels. This
study investigated plasma concentrations of VEGF in patients with a variable degree
of overnight hypoxemia due to sleep disordered breathing (SDB).
Methods: VEGF levels were assessed by ELISA in non-activated (VEGFbl) and
thrombin stimulated platelet rich plasma (VEGFprp) of 45 patients with SDB: Group
1 patients with obstructive sleep apnea and an apnea–hypopnea index (AHI)4 15/h;
Group 2 subjects with an AHIo5=h; Group 3 patients on CPAP treatment for sleep
apnea.
Results: 39 patients were included in the final analysis. Patients in Group 1 had a
higher %time of sleep with SaO2o90% and a significantly lower mean and minimum
overnight oxygen saturation than subjects in Group 2 and patients in Group 3
(Po0:05). Despite significant differences in overnight oxygenation, VEGFbl and
VEGFprp concentrations were not significantly different between the three study
groups. However, plasma levels of VEGFbl were significantly higher ðP ¼ 0:02Þ in SDB
patients with arterial hypertension (n ¼ 19; VEGFbl: 14:073:3 pg=ml) than in those
without arterial hypertension (n ¼ 20; VEGFbl: 10:975:2 pg=ml). There were no
relationships between VEGF levels and polysomnographic oxygenation parameters.
In univariate analysis we observed significant relationships for VEGFbl with BMI
(C: 0:393; Po0:05) and serum fibrinogen (C: 0:399; Po0:05).
Conclusions: Circulating plasma VEGF levels in patients with sleep disordered
breathing may be unrelated to night time hypoxemia (257 Words).
& 2004 Elsevier Ltd. All rights reserved.
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Introduction
Patients with sleep disordered breathing (SDB) are
at enhanced risk for hypertension and cardiovas-
cular disease (CVD).1,2 The risk for CVD, however, is
the same for patients with mild and those with
more severe SDB.2 Thus, it remains unclear
whether repetitive hypoxic episodes during the
night or other mechanisms are responsible for the
link between CVD and SDB.
Vascular endothelial growth factor (VEGF) is a
cytokine with potent angiogenic properties, indu-
cing proliferation of endothelial cells and modulat-
ing thrombogenicity.3 Increased VEGF expression
occurs following hypoxia4 by enhanced transcrip-
tion of the VEGF gene mediated by the hypoxia
inducible factor-1 (HIF-1). Hypoxia may be involved
in the development of CVD via increased VEGF
expression in human atherosclerotic lesions.5
Although cellular VEGF expression is stimulated by
regional hypoxia, contradictory results were re-
ported on the effects of systemic hypoxemia on
circulating VEGF. Maloney et al.6 did not observe
increased VEGF levels in subjects exposed to
hypobaric hypoxia. Similarly, several other investi-
gators reported unchanged VEGF levels despite
exposure to a variable degree of either short or
long-term hypoxia.7–9 In contrast, recent studies
have reported elevated blood VEGF levels in
patients with episodic hypoxia due to sleep
apnea.10–13
In most of these reports VEGF was measured in
serum rather than plasma, which may not reflect
VEGF synthesis by peripheral tissue.14 Plasma VEGF,
however, may reflect more closely free, circulating
VEGF.15,16 Therefore, the aim of our study was to
investigate plasma concentrations of VEGF in
patients with a variable degree of nocturnal
hypoxia due to sleep disordered breathing.
Methods
The study protocol was approved by the Ethics
Committee of the Vienna City Council. Informed
consent was obtained from each subject prior to
study entry.
Forty-five participants including patients with
sleep apnea (Group 1), subjects without sleep
apnea (Group 2) and patients on continuous
positive airway pressure (CPAP) treatment for sleep
apnea (Group 3) were studied. Standard polysom-
nography (Jaeger SleepLab Pro, Germany) was
performed including EEG, EOG, submental EMG,
ECG, oro-nasal airflow using thermistors, induc-
tance plethysmography to assess thoraco-abdom-
inal movements and measurements of
oxyheamoglobin saturation (SaO2). Apneas and
hypopneas were defined according to standard
criteria.17 The total number of apneas and hypop-
neas were recorded (AHtot) and divided by the
total sleep time (TST) to give an apnea–hypopnea
index (AHI) per hour of sleep (AHI/h). Measure-
ments such as %time of sleep o 90% SaO2, sleep
efficiency, arousal index,18 mean low and minimum
oxygen saturation were obtained after careful
staging. Standard pulmonary function testing and
arterial blood gas analysis were performed. Exclu-
sion criteria were: a history of cancer, myocardial
infarction within the past 12 months, stroke or
severe heart failure, preceding thoracic surgery,
anemia (Hbo12 g/dl), presence of autoimmune,
renal or liver disease and concomitant oral antic-
oagulant therapy.
Patients with a diagnosis of OSA, based on
symptoms, clinical findings and an AHI of greater
than 15/h were included in Group 1 (n ¼ 13).
Subjects with a history of loud snoring, an AHI of
less than 5/hour and evidence of snoring, served as
controls and were recruited in Group 2 (n ¼ 13).
Patients with an AHI between 5 and 15/h were
excluded from the analysis in order to avoid an
overlap between the groups (n ¼ 4).
In addition we studied 15 patients with pre-
viously diagnosed OSA, who were on nasal CPAP
therapy for at least 12 months. These patients were
age and body weight matched to patients in Group
1. Their sleep study was performed with the CPAP
pressure set to the level used for home therapy.
Compliance data was available from the patient’s
device. Subjects with an average compliance of less
than 4.5 h/night (n ¼ 1) and those with an
AHI45=h (n ¼ 1) despite CPAP therapy were ex-
cluded. Data is reported on the remaining 13
patients.
Measurements of VEGF
Venous blood samples were collected between 6.00
and 6.30 a.m. at the end of the polysomnography.
For basal plasma VEGF concentrations (VEGFbl),
blood was drawn into ice-cooled tubes containing
an anticoagulant solution. Platelet-free plasma
samples were prepared by centrifugation, the
supernatant was collected, aliquoted and frozen
at 801C until assayed. For stimulated VEGF in
platelet rich plasma (VEGFprp), blood was drawn
into sodium citrate containing tubes, centrifuged
and activated with 2–4U/ml of thrombin. After
clotting, samples were centrifuged and the
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supernatant was removed, aliquoted and stored at
–801C. VEGF was measured in duplicate determina-
tions by a quantitative ELISA (R&D Systems,
Germany). The assay is calibrated with a mono-
clonal antibody raised against recombinant
VEGF165, the major isoform of VEGF. The lower
detection limit (LOQ) of the system is 9.0 pg/ml,
the intra- and inter-assay variation is 6.7% and
8.8%, respectively. Plasma concentrations below
LOQ were set to LOQ/2. Platelet VEGF content
(VEGFct) was defined as the amount of VEGFprp per
platelets  106, obtained from the platelet count
of the respective blood sample. Full blood count
and serum fibrinogen were also determined. La-
boratory staff was blinded to clinical data.
Data analysis
All data are reported as means (SD). Due to a non-
homogenous distribution of the primary outcome
parameters a Van-der-Waerden test was used to
assess differences in VEGFbl, VEGFprp and VEGFct
between the study groups. Between group analysis
for other physiological and biological parameters
were performed using a Student’s paired t-test in
normally distributed data and a Mann–Whitney test
if data suggested a non-homogenous distribution.
Univariate linear regression analysis was performed
to determine relationships between plasma VEGF
concentrations and parameters of polysomnogra-
phy, blood gas analysis, chemistry, body mass
index (BMI), age and lung function parameters.
A stepwise multiple regression analysis was then
used to record independent associations of the
above mentioned variables with the outcome
parameters. A P-value less than 0.05 was consid-
ered significant.
Results
Baseline characteristics of the study population are
given in Table 1. The three groups were similar with
regard to age, BMI and smoking history. However,
patients in Group 1 had a significantly higher red
blood cell count (RBC) and haemoglobin concentra-
tion.
There was a large variability between patients in
VEGF measurements. Plasma levels of VEGFbl
ranged from 4.5 to 25.2 pg/ml, VEGFprp from 11
to 303 pg/ml and calculated VEGFct from 0.376 to
13.267 pg/Platelets 106. Polysomnographic re-
sults, daytime arterial paO2 values and plasma
concentrations of VEGFbl, VEGFprp and VEGFct for
the three study groups are summarized in Table 2.
Patients in Group 1 had significantly lower over-
night oxygen saturation parameters and a higher
AHI, AHtot and %time of sleep with SaO2o90%:
Despite significant differences in overnight oxyge-
nation between the groups, there were no differ-
ences in plasma concentrations of VEGFbl, VEGFprp
or VEGFct.
Plasma levels of VEGFbl, however, were higher
(P ¼ 0:02) in SDB patients with (VEGFbl:
14:073:3 pg=ml) than in those without arterial
hypertension (VEGFbl : 10:975:2 pg=ml), without
significant differences in SDB severity.
Using linear regression analysis we found sig-
nificant relationships for plasma VEGFbl with BMI
(Fig. 1, Correlation coefficient C: 0:393; Po0:05)
and serum fibrinogen (Fig. 2, C: 0:399; Po0:05).
Subgroup analysis (Group 1 plus Group 2) also
revealed a significant correlation between VEGFbl
and the RBC (C ¼ 0:407; Po0:05). Stepwise multi-
ple regression analysis, however, did not identify
independent predictors of circulating plasma VEGF
concentrations.
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Table 1 Clinical characteristics, FEV1/FVC ratio
and laboratory parameters of the study population.
Group 1 Group 2 Group 3
(n ¼ 13) (n ¼ 13) (n ¼ 13)
Age 51.6 54.6 53.5
(years) (14.7) (9.4) (12.5)
Male/Female 12/1 11/2 11/2
BMI 31.2 31.6 30.3
(kg/m2) (4.6) (6.6) (5.9)
FEV1/FVC 78.7 74.5 74.8
(%) (6.0) (8.4) (8.2)
WBC 8.0 7.8 6.9
(cells 103/ml) (1.7) (1.6) (2.2)
RBC 5.2 4.9n 4.8n
(cells 106/ml) (0.3) (0.4) (0.3)
Hb 15.4 14.6n 14.8
(g/100ml) (0.8) (1.3) (0.9)
Platelet Count 239.9 230.0 242.9
 105/ml (43.8) (36.9) (35.9)
Fibrinogen 370.0 364.3 321.3
(mg/dl) (57.2) (61.3) (90.2)
Smoking History 69% 61% 61%
(% of total)
Hypertension 61% 38% 46%
(% of total)
BMI, Body mass index; RBC, Red blood count; WBC, White
blood cell count; Hb, haemoglobin. Values are given as
mean (SD).
nPo0:05 versus patients in Group 1.
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Discussion
The present study investigated plasma concentra-
tions of the circulating, unbound form of soluble
VEGF (VEGFbl), VEGF in platelet rich plasma
(VEGFprp) and calculated VEGF platelet content
(VEGFct) in patients with a variable degree of
episodic hypoxemia due to sleep disordered breath-
ing. The major findings are: (1) Lack of a difference
in VEGF measurements between the study groups,
despite significant differences in overnight oxyge-
nation;(2) Higher VEGFbl levels in SDB patients with
hypertension than in those without;(3) Evidence of
a modest relationship of plasma VEGFbl with the
BMI, serum fibrinogen and RBC.
Our findings are in contrast with previous
reports10,11,13 in which VEGF levels were higher in
patients with OSA than in controls. These studies
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Table 2 Results of polysomnography, daytime arterial paO2 and plasma VEGFbl, VEGFprp and calculated VEGFct
in patients with sleep disordered breathing.
Group 1 Group 2 Group 3 P
Arterial paO2
(kPa) 9.7 9.9 9.6 n.s.
(mmHg) (1.1) (0.9) (1.2)
73.0 74.3 72.1
(8.8) (7.4) (8.9)
Total sleep time 5.8 5.2 5.4 n.s.
(h) (0.7) (0.8) (0.7)
Sleep efficiency 87.1 82.4 85.4 n.s.
(%) (8.7) (16.0) (11.3)
Arousal Index 29.0 1.4 3.3 o0:001
(n/h sleep) (23.0) (1.2) (2.8)
AHtot 222.6 9.8 15.8 o0:001
(n/TST) (174.8) (7.8) (14.2)
%time of sleep with 13.5 2.8 3.2 o0:01
SaO2o90% (9.2) (1.4) (1.9)
Minimum SaO2 77.4 87.4 88.0 o0:001
(%) (7.3) (4.4) (2.5)
Mean low SaO2 88.5 94.0 92.7 o0:001
(%) (2.7) (2.6) (2.2)
AHI 36.9 2.4 1.9 o0:001
(n/h sleep) (23.9) (1.3) (1.8)
VEGFbl 12.1 12.1 13.3 n.s.
(pg/ml) (3.9) (5.6) (5.3)
VEGFprp 84.4 80.8 86.9 n.s.
(pg/ml) (56.1) (54.8) (76.3)
VEGFct/platelets 3.72 3.54 3.62 n.s.
x106 (2.4) (3.4) (3.2)
paO2, partial arterial oxygen pressure; AHtot (n/TST), total number of apneas and hypopneas during total sleep time; AHI,
Apnea–hypopnea index; SaO2, arterial oxygen saturation; n.s., non-significant.
Data presented as mean (SD). P-value for between group analysis using a Van der Waerden test for VEGF data and a Student’s t-
test or Mann–Whitney test for other parameters depending on data distribution.
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may suffer from two main limitations: First, control
groups were not body-weight matched, which
might have resulted in higher VEGF levels in the
more obese OSA patients.19 Second, these reports
have measured serum VEGF, which is an inaccurate
indicator of circulating VEGF because of its variable
release from platelets during sample collec-
tion.14,16 Serum VEGF reflects platelet count rather
than VEGF synthesis by peripheral tissues with large
inter-individual variations in VEGF generation in
clotted samples.15,20,21 Plasma VEGF, on the other
hand, reflects free, circulating and thus newly
produced VEGF after equilibration with platelet
levels.15
The only other report that has investigated into
the relationship between plasma VEGF and sleep
apnea was performed by Lavie et al.22 They found
higher VEGF levels in patients with OSA than
controls and a reduction of VEGF concentrations
with CPAP therapy in a subgroup of patients.
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Figure 1 Univariate correlation between individual VEGFbl values and BMI for the whole study population. C ¼
Correlation coefficient; CI ¼ 95% confidence interval; PI ¼ 95% prediction interval.
Figure 2 Univariate correlation between individual VEGFbl values and serum fibrinogen concentrations for the whole
study population. C ¼ Correlation coefficient; CI ¼ 95% confidence interval; PI ¼ 95% prediction interval.
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Noteworthy, there was no reported relationship
between measurements of overnight hypoxemia
and plasma VEGF and, consistent with our findings,
a strong link between the BMI and VEGF levels.
The latter observation supports recent findings of
enhanced VEGF expression in obesity19 and may
support the hypothesis of an AHI-independent risk
of CVD in the mostly overweight patients with SDB.1
Several reasons might account for the lack of a
difference in VEGF concentrations between the
study groups. First, it has to be acknowledged that
the majority of patients were suffering from
moderate OSA and only few were exposed to severe
episodic hypoxemia. These patients might have
failed to induce the O2-sensing mechanism for the
induction of VEGF, particularly in those with low
constitutive levels of VEGF.4,23 However, if VEGF
had been the link between OSA and CVD, the
patients in this study would have been sufficiently
‘‘severe’’ to show increased VEGF levels.2 Second,
there is a pre-defined, inter-individual variation in
the VEGF response to hypoxia.24 Given this varia-
tion in VEGF expression, the number of patients in
the respective subgroups might have been too low
to detect inter-group differences. Third, we can
not rule out that the systemic hypoxic response
occurred on the erythropoietin rather than on the
VEGF level. The inductions of VEGF and erythro-
poietin expression are both mediated by HIF-1
regulated genes.25 This is supported by the associa-
tion between VEGFbl and the RBC. As patients with
OSA had a higher RBC and Hb, it is conceivable that
the systemic adjustment to hypoxemia was an
increased erythropoietin rather than VEGF expres-
sion.
Other than hypoxia associated stimuli for the
VEGF production may be also relevant. Several pro-
inflammatory cytokines such as Interleukin 6 (IL-6)
and TNF-Alpha can potentate VEGF production.26
We observed a link between VEGFbl and serum
fibrinogen, a marker of inflammation closely
correlated with IL-6 levels.27 The role of VEGF in
this context is not entirely clear, however, it may
contribute to the relationship between CVD and
systemic inflammatory processes.
Finally, increased plasma levels of VEGF in
hypertensive patients confirm recent findings28
and may have been an important bias in earlier
studies.10–13 Enhanced VEGF production in these
subjects may be involved in the pathogenesis of
complications related to hypertension and merits
exploration in future studies.
In conclusion, monitoring of circulating VEGF
plasma concentrations seems not to reflect sys-
temic tissue hypoxia in patients with SDB. Our
results suggest that a number of alternative
mechanisms of VEGF gene expression need to be
considered. In this context the relationship be-
tween hypoxia, obesity and inflammation might
have a pivotal role on VEGF induction and should
trigger new studies which focus not only on the
stimulating but also on the inhibiting factors of
VEGF production.
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